A serological survey of brucellosis in cattle and buffalo was performed in 23 States of India. A total of 30,437 bovine samples, comprising 23,284 cattle and 7,153 buffalo (Bubalus bubalis), were screened. The screening initially used the rose bengal plate test: doubtful and positive samples were then titrated in the serum tube agglutination test. The overall prevalence rate of antibodies was 1.9% in cattle and 1.8% in buffalo. In a detailed study of 47 organised farms in the southern State of Karnataka, 207 of 4,995 (4.1%) serum samples from cattle showed titres for brucellosis. This result was in contrast to the low rate of seropositive results reported in cattle owned by individual farmers in Karnataka (0.7% of 2,424 serum samples). In organised farms with a history of abortion, placenta retention and repeat breeding, the prevalence rate was 17%.
Introduction
Brucellosis, an important zoonosis, causes considerable economic losses in the dairy industry due to abortion, infertility and reduced calf and milk production. The disease is widespread in most countries of the world, particularly among dairy cattle (14) : the occurrence of brucellosis has been reported by 93 countries (8) .
India has a vast resource of livestock which play an important role in the national economy. The estimated milk production during 1996-1997 was 69 million tonnes. Approximately 204.5 million cattle (20% of the world population) and 83.5 million buffalo (50% of the world population) are frequently exposed to several endemic diseases, including brucellosis, in India (4) . The prevalence of brucellosis in cattle farms has long been recognised (3) , and several studies have confirmed widespread prevalence in different States in India (5, 11, 12, 13, 15, 16, 17) . These limited studies were restricted to a specific geographic location and period, as a result of which the overall situation and impact of brucellosis in the rapidly developing dairy industry in the country was difficult to assess. The present survey was thus undertaken to establish the current status of bovine brucellosis through a broad-based serological survey in 23 Slates of India.
Materials and methods

Antigen
Brucella abortus strain 99-based rose bengal and plain antigens were procured from two commercial biologicals production institutes. These antigens, standardised using the international standard B. abortus serum (ISABS) (2) , were stored at 4°C and routinely checked for the presence of autoagglutination, if any, prior to use.
Serum samples
The field serum samples used for the survey were referred to the Animal Disease Monitoring and Surveillance laboratory for rinderpest seromonitoring and were stored in the national serum bank facility. Between 1994 and 1997, 30,437 serum samples, including 23,284 cattle and 7,153 buffalo samples from 23 States, were screened (Table I) . In all, 85% of cattle were Jersey and 1 lolstein Friesian cross-breeds and 15% were indigenous animals. In addition, 276 pure exotic breeds, including 162 Jersey and 114 Holstein Friesian bulls, were tested.
In the State of Karnataka, 4,995 of the 7,419 cattle and buffalo samples originated from 47 organised farms and the remainder (2,424) were obtained from an abattoir in Bangalore. In the organised sector, six farms, with a population of 784 animals, had a clear history of abortion, placenta retention and repeat breeding. None of these animals were reported to have been vaccinated against brucellosis. The selection of samples was based on purposive selection, which is a non-probability sampling technique (18) .
Serological procedures and interpretations
Serum samples were initially subjected to rose bengal plate tests (RBPT) (2), following which the positive and doubtful serum samples were further quantified for Brucella antibody titres by the serum tube agglutination test (STAT). A serial serum dilution of 1:10 to 1:5120 was routinely used (2). The RBPT result was interpreted as either positive or negative on the basis of presence or absence of agglutination reaction, respectively. The degree of agglutination in the STAT was judged by the amount of clearing that had occurred in the test serum dilution compared to the standard reference antigen control. The ISABS used for antigen standardisation contained 1,000 international units (IU) per ampoule and antigen used in the STAT gave a titre of 1:500 with the standard serum. Therefore, twice the dilution factor of the test sera which showed 50% agglutination was taken as the brucella antibody titre expressed in IU. Serum samples showing a titre of 40 IU or higher were considered to give seropositive results for brucellosis.
Results and discussion
This national survey, perhaps the largest performed so far in the country, confirmed the widespread prevalence of Brucella antibodies in 19 of 23 States (Table I ). The overall incidence in cattle and buffalo was 1.9% and 1.8%, respectively. The STAT results revealed antibody titres ranging from 40 to 5,120 IU. In the present study, serological evidence of brucellosis in the States of Meghalaya, Assam, Nagaland and Rajasthan could not be established although earlier workers reported the disease in these States (7, 9, 10) . Further large-scale screening of animals in these States is essential to determine the current status. As there was no uniformity in the sample size of bovines screened, a comparison of seroprevalence levels in different States would be erroneous. Furthermore, these results are taken at best as indicators of evidence of infection foci and warrant large-scale state-wide surveys using appropriate sampling techniques for a meaningful assessment of the disease situation in the bovine population.
In (6) and Punjab (15) and in the neighbouring country, Bangladesh (1). This high incidence was attributed to co-tethering of animals in premises with inadequate floor space and sanitation leading to increased risks of spread of infection through ingestion of contaminated feed and fodder.
The comparatively low incidence of brucellosis in most parts of India should not encourage complacency, as this situation may indicate widespread, high-level infection. Vaccination of calves is not generally practised in India, although some heavily infected farms routinely use vaccination as a control measure. Vaccination of calves, the elimination of reactors, improved herd management and zoosanitary measures are recommended for effective control of brucellosis. An awareness programme needs to be introduced to highlight the public health importance of this disease.
Conclusion
Serological evidence of brucellosis with an overall seroprevalence of 1.9% of 23,284 cattle and 1.8% of 7,153 buffalo was recorded in 19 of 23 States of India. The RBPT and STAT methods were found useful in this nation-wide survey. The incidence of brucellosis was high in infected organised farms with a history of abortion, infertility and placenta retention.
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